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“SUMMARY
Thesynthesesoffivealkyldiphenyl.methanehydroc~bo~.
2-methyldiphen@methane,3-m thyldiphenylmethane,2-ethyldiphenylmethane,
4-et@ldiphen@n&hane,and4-isopropyLliphenylmethane,aredescribed.
Thepreparationofthesehydrocarbonswa basedonthereactionofthe
appropriatearylmagnesiumhalideswithbenzaldehydetoyieldthecor-
respondingalkylbenzhydrols,whichweresubsequentlyconvertedtothe
hydrocarbonsbyhydrogenolysis.Thephysicalpropertiestabulated
includemeltingpoint,boilingpoint,indexofrefraction,density,
viscosity,heat’offusion,
meltingcurvesareplotted
Thesynthesissadthe
andheatofcombustion.T ime-temperat~e
forallcompoundsprepsred.
.
INDWMETION
Purificationofseveralalkvldiphenylmethane.
hydrocarbo&,2-methyldiphe~lme~e,3-m6thyldipheny&t-&me~
2-ethyldiphenylmethane,4-ethyldiphe@lmethane,and
.
4-isopropyidiphenylmethane,wereundertakeni conjunction
witha programbeingconductedattheNACALewislaboratorytostudy
hydrocarbonsaspossiblefuelsforjet-propulsionaircraftengines.A
reviewoftheliteraturedisclosedfewdataonthisseriesof
CODQOUDdS l
.
. Thehy~ocarbon2-methyldiphenylmethanehasbe npreparedbythe
c1emmensenreductionf2-methylbenshydrolor2-methylbenzophenone
(reference1)andbythecatalyticreductionfethyl~-benzoylbenzoate
(reference2).
#
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Methodsofsynthesisthathavebeenemployedforthepreparation
of3-methyldiphenyl.methaneincludthereductionf3-methylbenzophenone
byhydriodica idandphosphorus(reference3)andthereactionof
~-methyllxnzylchloridewithb nzeneinthepresenceofaluminumchlo- mll
ride(reference4). ml
~,
Nomentionof2-ethyldiphe@lmethanehasappearedintheliterature
andtheunlyreferenceto4-isopropyldiphenylmethaned scribeda prep-
arationbythereductionf4-isopropylbenzophenonewithsodiumin
ethylalaohol(reference5).
Threemethodsforthesynthesisof4-ethyldiphenylmethaneare
given:thereactionofethylbenzenewithbenzylchlorideh thepres-
enoeofzincdust(reference6)andinthepresenceofberylliumchlo-
ride(reference7)andthereductionf4-ethylbenzophenonewith
hydriodica idand,phosphorus(reference8).
Exceptforthosecitedinreferences1 and2,themethodsof
preparationpreviouslymentionedcouldnotbeexpectedtoyieldpure
products.Eachofthefivealkyldiphenylmethanehydrocarbonsdi -
cussetlhereinwasprepareabyhydrogenolysisofthesolidbenzhydrol
(referace1),whichwassynthesizedbythecondensationoftheappro-
priatearylmagnesiumhalidewithbenzaldehyde.Thehydrogenolysiswas
accomplishedcatalyticallyinsteadofbytheClemensenreactionas ,!
h reference10
,
.
“/
Thearylhalidesrequiredforthepreparationof thevarious
benzhydrolswerepurifiedfromcomercialproductsbyfractionaldis-
tillation.The~-iodotoluene-wassteam-distill.eafromstrongcaustic
solutionpriortothefractionation.Physicalconstantsof
~-bromoethylbenzeneana~-bromoethylbenzenearer porteainrefer-
ence9;thedataon~-iodotoluenea d~-bromoisopropylbenzeneare
includedherein.. .
Eachofthefivebenzhydmlswaspreparedbyreactingtheappro-
priateary-esium halidewithbenzaldehydeinabsoluteetherand ‘
subsequentlyhydrolyzingtheGrigna?xlcomplexbypouringitontoa ‘
mixtureoforackedice,water,andhydrochloricacia.Thishydrolysis
procednreisveryimportantifgoodyieldsofthebenzhydrolsareto
beobtainea.Hydrolysisbytheadditionofdilutehydrochloricacid
orsaturatedamunitmIchloridetotheethersolutionoftheGrignard
complexresultedinexbmmlypooryieldsineverycaseandnodesired
.
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benzhydrolcouldbeisolatedintheattemptedpreparationof
4-ethylbenzhydrolbythisprocedure.Theyieldsof3-methylbenzhydrol,
4-ethylbenzhydrol,and4-isopropylbenzkydrolwereincreased5to
10percentbyemplo~nglessthanthetheoreticalquantity(75 to
80percent)ofbenzaldehydeforthecondensationoftheGrignardrea-
gent.Thisphenomenon,discussedinreferen6e10,wasnotinvesti-
gatedinthepreparationsf2-methylbenzhydroland2-ethylbenzhydrol.
Thebenzbydrolswerepurifiedbydistillationatreducedpres-
sure,followedbyseveralcrystallizationfrompetroleumsolvents
priortohydrogenolysisinthepresenceofcopperchromitecatalyst.
Theyieldsonhydrogenolysiswerenearlyquantitative.
l?UKtFICATIONANDDEDEWWWIONOFPHYSICAL121?OFt!WNXS
Ftnalpurificationofthealkyldiphenylmethanehydrocarbonscon-
sistedoffractionaldistillationof3 to4 litersof.materialthrough
6-foot(30-mmdiam.)glasscolumns,packedwith3/16-inchglass
helices,atreducedpressures(3to18mmHg).Afterapproximately
200milliliters,consistingofthreeorfourfractions,wereremoved,
thesubsequentindividualfractionsfromeachdistillationwereof
constantrefractiveindexanddidnotvaryinmeltingpointmorethan
0.2°c. Thepurestfractionsineachdistillationwerecombinedto
obtainthedesired500-milliliterquantity-ofaachhydrocarbonwith
anestimatedpurityofmorethan99.9molepercent.
7
,
Thephysicalconstantsofthefivehydrocarbonsareshownin
tableI. Themeltingpointsofthebenzhydrolsareincludedinthe
textundertheindividualcompounds.Thetime-temperaturemelting
curvesweredeteminedwitha platinumresistancethermometeranda
G2 Muellerbridgewithaccessoryequipmentandbymethodsdescribed
inreferenceU; thsmeltingpointsweredetemninedfromthecurves
accordingtothegraphicalmethodescribedinreference12. Den-
sitiesweretiterminedbyuseofa gravimetricbalanceaccordingto
themethodofreference13,andtheindicesweremeasuredwitha
BauschmdLonibprecisionil-modelfive-placeinstrument.Theboil-
-po~tswere ~t~dby~ useofaplatimr-istmcetier=
mometerinanapparatusmodifiedfromthatdescribedinreference14.
Thesystemwaspressurizedwithdryairfromasurgetankandheldat
constantpressure’byadjustinga cxnrtinuousbleed.Thekinematic
viscositiesweredeterminedinviscosimetersthe%hadbeencalibrated
withNationalBureauofStanda@standardviscositysamplesH-5,H-7,
D-7,orL-17.TheA.S.T.M.procedureofreference15wasfolluwed.
Thenetheatsofcombustionweredeterminedaccordingtoreference16 0 .
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inanczsygenlxmubcalorimeterthathadbeenc@.ib~tedonBureauof-
Standar&benzoicacid.Theheatsoffusionwereobtainedbyuseofa “
11
methodandapparatussimilartothatdescrtbedinreference,17. The
estimatedmolepercentpurities,determinedaccozdingtomethods N
describedinreference18,areslsoincluded. f
Theniegnitudeoftheuncertaintiessesthnatedasfollows:‘
Meltingpoint,°C. . . . . . . . . . . . .. . . . . . . . . ...0.02
Density,grem/ml. . . . . . . . . . . . . . . . . . . . ...0.00005
Refractivei.ndex. . . . . . . . . . . . . . . . . . . . . . . 0.0002
Boilingpoint,°C . . . . . . . . . . . . . . . . . . . . . . ...0.1
Kinematicviscosityrelativeto1.007centistokes
forwaterat20°C,percent. . . . . . . . . . . . . . . . ...0.5
Iietheatofcombustion,kcal/mole. . . . . . . . . . . . . . . . . io
Heatoffusion,percentofdeteminedvalue. . . . . . . . . . . . 5
Theprecisionfmeasurementsisasfollows:
Meltingpoint,°C. .. . . . . . . . . . . . . . . . . . . . ..* O.003
Density,gram/ml. . . . . . . . . . . . . . . . .+0.00002to 0.00003 .
Refractiveindex. . . . . . . . . . . . . . . . . . . . . . . +0.0001
Boilingpoint,”c. . . . . . . . . . . . ...’.... . . . ..*O*04
Kinematicviscosity,percentofdetermined~slue. . . . .. . . .+0.2 .
I’Jetheatofcombustion,kcal/mole. . . . . . . . . ...’.... ..+5
Heatoffusion,percentofde~ermihedvalue. . . . . . . . . . . .*2.5
.
EmmmmTu ImTAIIs .
IU@lbenzbydrols
Ina 10-gsllonglass-linedreactor,40molesofsrylhalidewas
reactedwith973grams(40moles)of-magnesiumturningsin16litersof
absoluteether.Tothecooledsolutionofthearylmagnesiumhelidewas
graduallyadded9 litersofanethersolutionof30to40molesof
freshlydistilledtechnicsl-gredeb nzaldehyde.Thereactionmixture
washydrolyzedbywithdrawingitfianthe10-gellonreactorandadding~
itrapidlytoa~~ of100poundsofcrackedice,3.25litersof
concentratedhy rochloricacid(40molesHCl),and3 to5 gsllo~of
coldwaterina 30-gsllonreactor.AfterhydrolysisW& complete,the
acid-waterlsyerwasdrainedoffandtheethersolutionwashedsuc-
cessivelywithcoldwater,withdilutesodiumbicarbonatesolution,apd
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againwithcoldwater. Themainbulkoftheetherwasstrippedby
heatingwithsteam,afterwhichthereddish-ambernzhydrolsolution
wasdrainedoutofthereactor. .
2-Methylbenzhydrol.- Inthesynthesisof2-methylbenzhydrol,the
arylhalideemployedwas~-bromotoluene(g” 1.5564;freezingpoint,
-26.8°C)and40molesofbenzaldebydewasusedtocondensewiththe
Grignardcomplex.
Whentheremainingetherinthebenzhydrolwasevaporatedat
reducedpressureinawaterbathat60°to70°C,thebrownresidue“
(7535grams)solidified.Thissolidwasgroundandthenwashedwith
coolpetroleumether(boilingrange,30°to60°C). Thelightyellow
solid[6740grams)wasdistilledandtheclear,colorlessfraction,
boilingat143°to144°C ata pressureof1.5millimetersofmercury,
wascollected.Crystallizationwasaccomplishedbysaturatinghot
petroleumether(boilingrange,60°to900C)withthe
2-methylbenzhydrciLandallowingthehotsolutiontocoolslowlyto
200to250c. Thebenzhydrolprecipitatedoutofthesolutionasthick
oolorlessprisms(S320grams),whichwererecrystallizedasbeforeto
@eld4900grams(61.8percent,basedonbenzaldehyde)ofpure
2-@hylbemzhydrolwitha meltingpointof90.0°C. Thetheoretical
analysis(calculatedforC@Q40) wasasfollows:C,84.81percent;
H,7.12percept.Theexperimentalanalysiswas: C,84.68percent;
H,7.07percent.
3-Methylbenzhydr01.-Theary~lide~-iodotoluene(g” 1.6052;
meltingpoint,-27.4°C)wasemployedforthepreparationof
3-methylben@ydrol.Physicalpropertiesofa sampleof~-iodotoluene
purifiedfurtherare:
Meltingpoint,‘C
Boklingpoint(at
Refractiveindex,
Densityat20°.C,
#
-27.20
“o”“ “ “ “ l “ “ “ “ “ “0”h@h”o;&j, C. . . . . . . . . . . . . 213.03
nD . . . . . . . . . . . . . . . . . . . . 1.6053 .
gram/mlb. . . . . . . . . . . . . . . . . 1.7050
Theamountofbenzaldehydeus dwas30moles(75percentofthetheo-
reticalquantity).
,
Thesolutionf-“ benzhydrolfromthereactorwasheatedwith
hotwateratreduced’pressuretoaaporatetherestoftheether.The
ether-freematerial
peratureof150°to
& distilledandthefractionboilingata tem-
160°C ata pressureof2millimetersofmercury
.
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wascollected.Thisfractionfroma 40-molerunamountedto4360grams
“ofclearyellowliquidthatsolidifiedoncooling.Quantitiesof
250gramseachweredissolved= 1.6litersofhotpetroleumether
(boilingrange,30°to60°C)andallowedtocoolslowlyto20°to
25°c. TheyellowIigyidwasdecantedandthewhitesolidcollectedm
a filter.Thetotalrecoveryfromthefirstcrystallizationwas
3710grams.A secondcrystallizatioriy elded3440gramsanda third,
3310grams(55.7 percent,basedonbenzaldehyde)ofpurewhitecottom
needlesof3-me~lbenzl@drolwitha
theoreticalanalysis(calculatedfor
84~81percent;H,7.12percent.T&
84.93percent;H,7.18percent.
2-Ethylbenzhydrol.-Thehalide
melt~-pointOf 52.8°C. The -
C14H140)wasasfolluws:C,
experimentalanalysiswas: C,
o-bromoethylbenzene(&” 1.5489;
-u
meltx petit,-67.3°C)wasusedforthepreparationof
2-ethylbenzhydrol.Thetheoreticalquantityofbenzaldehyde(40moles)
wasusddtocondensewiththepreparedGrignardreagent.
Thesolutionofthebenzhydrolfromthereactorwasheatedonthe
steambathtoavaporateheremainingether.Whenthesolutionwas
cooled,nearlyall.thebenZhydrolsolidifiedandwaswashedwith
petroleumether(boilingrange,30°to60°C)tofield5950gramsof ‘
nearlywhiteproduct.Thismaterial.wasdistilledandthecolorless
fraction,amountingto56!50gramsandboilingat170°to175°C at
2.5millimetersofmercurywascollected.Thedistilledmaterialwas
washedagainwithpetroleumether(boilingrange,30°to60°C]and
5220gramswererecovered.!l?hisproductwasrecrystallizedfrom
petroleumether(boil-range,60°to90°C)bydissolving200-gram
portionsin1.2litersofhotsolventand-allowingthemixturetocobl
to200to25°c. The2-etbylbenzhgdrolp ecipitatedoutinfinewhite
needlesmeltingat60.8°~. !l?heyieldwas#90 grams(52.8percent,
basedonbenmaldehyde).Thetheoreticalanalysis(calculatedfor
C15H160)wasasfolluws:C,84.86percent;H,7.60percent.The .
eqerimentalnalysiswas: C,84.84percent;H,7.60percent.
4-Ethylbenzhydr01.-TheGrignardrbagentwaspreparedfrom
40molesof~-bromoethylbenzene(~” 1:5446;meltingpoint,-45.5°C)
andcondensedwith30moles(75percentofthetheoreticalquantity)
ofbenzaldehydeto@eld4-emlbenzhydrol.
Theremaimtngetherinthebenzhydrolsolutionfromthereactor
wasevaporatedat
distilledndthe
165°to175°C at
reducedpressure.Theether-freematerialwas
fractionmmntingto4350gramsandboilingat
3 millimetersofmercurywascollectbd.This
#
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fraction,whichsolidifiedoncooling,wasdissolvedinhotpetroleum
ether(boilingrange,30°to60°C)attherateof350gramsin3 liters
ofsolventandcooledto5°C.“Theweld ofcrystallizedprotictwas
3830grams.A secondcrystallizationfrompetroleumetherwascarried
outInthesamemannerasthefirstand3600grams(56.5percent,based
onbenzaldehyde)ofwhitecottonyneedles(meltingpoint,42.6°C)was
obtained.Thetheoreticalanalysis(calculatedforCU~60) wasas
follows: C,84.86percent;H,7.60percent.Theexperimentalanalysis
was: C,84.91percent;H,7.61percent. o
4-Isopropylbenzhydrol.-TheGrignardreagentof40molesof
~-bromoisopropylbenzene(~” 1.5360;meltingpoint,-22.7°C)was
employedinthesynthesisof4-isopropylbenzhydrol.Physicalprop-
ertiesofa furtherpurifiedsampleof~-bromoisopropylbenzeneare:
Meltingpoint,”c. .a... . -22.54
‘0°”‘“0 l “ “ “ “ “ “ “ 0“Boilingpoint(at760mmofHg), C . . . . . . . . . . . . . . 218.8
Refractiveindex,~O. . . . . . . . . . . . . . . . . . . . . 1.5360
Densityat20°C,gram/nil.... . . . . . . . . . . . . . ..l.2855
TheamountofbenzaMehydeusedforthecondensationwas32moles
(80percentofthetheoreticalamount).
Thebenzhydrolsolutionfmmthe reactorwasdistilledandthe
fractionboilingfrom155°to165°C at1.5millimetersofmercurywas
collected.Thisfraction,whichsolidifiedoncooling,wasslightly
yellowandamountedto6239grams.Thedistilledmaterialwascrys-
tallizedtwicefromhotisooctanebydissolving250gramsin1.7liters
ofsolventandallowingthesolutiontocoolslowlyto20°to25°C.
Theyieldofwhitecottonyneedlesfromthefirstcrystallizationwas
5100gramsandfromthesecondcrystallizationwas4500grams(62.2per-
cent,basedonbenzaldehyde).Themeltingpointwas60.5°C. The
theoreticalanalysis(calculatedforC16H180)wasasfollows:C,
84.91percent;H,8.02percent.Theaqerimentalnalysiswas: C,
84.93percent;H,8.07percent.
AlkyldiphenylmethaneS
A solutionof2500gramsofalkylbenzhydrolin1.5litersof
absolutealcoholwasmixedwith250gramsof copperchromitecatalyst
ina 20-literrockingautoclave-andhy rogenatedfor20hoursat
225°C andaninitialpressureof1500poundspersquareinchof
hydrogen.Mter thecatalystwasfilteredandthesolventstripped,the.
.
.
.. ---- —--- —— --.—. ..- -8-. . - --- -—— .———.-—— ——— - . - -—. ----- —. ... . ...
. . . . . .-.
. . . .
‘.:. . .
. .. .
8 . K40ATN2230‘
hydrocarbonwasdistilledtogivea 92to95percentyieldofproduct.
Thismaterial”wasfurtherpurifiedbyfractionaldistillationatreduoea
pressure:Themel~ingourvesoftheindividualhydrocarbonsareshown
h figures1 to5.
.
The3-meth@diph~lmethaneco&ldbecrystallizedineitheroftwo
modifications.Themeltingaurve(fig.2(a))wasobtainedforthe
lower-meltingmodification.Thissamplewastiediatelycoold and
seededwi~ a crystalofthehigher-meltingmodification;themelting
curveshoT&h figure2(b) wasthendetermined.
suMMmYcu?REm
Thefivealkyldiphenylmethanehgdrooarbons,
3-methyldiphenylmethane,2-ethyldiphenylmethane,
and4-isopropyldiphenylmethane,weresynthesized
estimatedpuri~ofover99.9molepercent.The
thesehydrocarbonsweredetermine&
LewisFlightPropulsionLaboratory,
1.
2.
3.
4.
5.
NationalAdvisoryCommitteeforAeronautics,
Cleveland,Ohio,August4,1950.
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